New insights into the structures of ligand-quadruplex complexes from molecular dynamics simulations.
G-quadruplexes are higher-order DNA and RNA structures formed from guanine-rich sequences, and they are attractive anticancer drug targets. Understanding the three-dimensional interactions between a G-quadruplex and its ligand in solution is the key to discovering a drug lead. Hence, from crystallographic or NMR structures, molecular dynamics studies have been performed on six ligand-quadruplex complexes. BRACO-19, BSU6039, daunomycin, RHPS4, MMQ1, and TMPyP4 are the six ligands that bind to the G-quadruplex structures in the studies. Based on molecular dynamics simulations and a series of computational analyses, the results suggest that ions move away from the external G-quartet to let the ligand bind to the quadruplex in aqueous solution. The ligand binding can increase the stability of the Hoogseen hydrogen bonds within the G-quartet. However, the G-quartet binding site can only fit one ligand molecule. The ligand can form hydrogen bonds at the loop or flank of the quadruplex. However, not all the interactions will stabilize the ligand-quadruplex complex in aqueous solution. These findings can assist in the design of selective and potent G-quadruplex ligands.